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Description 

Technical Field 

The present invention relates generally to positive 
displacement pumps, and more particularly is directed 
to an improved proportioning pump. 

Background Art 

The present invention is directed to positive dis- 
placement pumps of the general kind disclosed in DE- 
A-2557468 and U.S. Patent No. 3,168,872 in the name 
of Pinkerton. As will be more fully described with respect 
to FIG. 1, Pinkerton includes a closed end cylinder, a 
piston mounted and driven in a rotary and reciprocating 
movement in the cylinders. The cylinder is provided with 
at least a pair of inlet and outlet ports for the admission 
and expelling of fluid from the cylinder. The piston, which 
with the cylinder forms a working chamber, includes a 
flat duct at least at one free end thereof which sequen- 
tially communicates with the inlet and outlet ports as the 
piston is driven through each cycle to form a valveless 
positive displacement pump. 

In numerous types of fluid systems, the intermixing 
of fluids must be controlled to a high degree of accuracy. 
One such system for which the present invention is par- 
ticularly suited is the intermixing of dialysis concentrates 
with water to yield dialysate solutions, such as in hemo- 
dialysis machines. 

Hemodialysis machines are utilized by persons 
having insufficient or inoperative kidney functions. The 
machines may be used at a health facility or in the pa- 
tient's home. The machine attaches to the patient 
through an extracorporeal circuit of blood tubing to a di- 
alyzer having a pair of chambers separated by a thin 
semi-permeable membrane. The patient's blood is cir- 
culated through one of the chambers. The hemodialysis 
machine maintains a constant flow of a dialysate 
through the second chamber. Excess water from the 
blood is removed by ultrafiltration through the mem- 
brane and carried out by the dialysate to a drain. 

A typical hemodialysis machine provides a pair of 
hoses which connect to the dialyzer and include a 
source of incoming water, a heat exchanger and heater 
for bringing the water to a required temperature, a 
source of a dialysate concentrate or concentrates which 
are introduced into the water in a predetermined con- 
centration and necessary pumps, pressure regulators, 
adeaerator, flow controllers and regulators. In an ace- 
tate dialysis system, only one concentrate is utilized, 
while in the more common bicarbonate dialysis sys- 
tems, two concentrates, acidified and bicarbonate are 
utilized. 

Accuracy of proportioning of concentrates in such 
systems commonly is achieved through the use of some 
type of fixed stroke proportioning pumps, such as dia- 
phragm type pumps. The fixed stroke diaphragm type 
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pumps are operated at varying frequencies to vary the 
concentrate volumes, but the diaphragm type pumps 
are not as accurate as piston type pumps. A second 
commonly utilized piston type pump however, typically 
s is a water driven fixed ratio pump which is not variable, 
which does not allow for any flexibility of the fluid inter- 
mixing ratios. In numerous types of systems it can be 
important to adjust the amount of one or more fluids in- 
dependent of one another, such as the concentration of 
10 sodium and bicarbonate via volume of the concentrates 
in the hemodialysis machines. 

The positive displacement pump has the capability 
of providing the precise mixing levels needed, however, 
the Pinkerton pump has numerous potential problems 
is when utilised in a hemodialysis machine or similar sys- 
tem. The Pinkerton pump, as will be more fully described 
with respect to Fig. 1 , can leak, is noisy, does not self 
align, can jamb due to the buildup of solids and can be 
inaccurate due to air bubble buildup on the piston duct 
or due to end stroke changes in volume. 

Disclosure of Invention 

It is, therefore, a primary object of the present in- 
vention to provide an improved positive displacement 
pump which is self cleaning and hence resistant to the 
buildup of solids. 

Another object of the present invention is to provide 
a positive displacement pump which resists air bubble 
buildup. 

The precharacterising part of Claim 1 is based on 
DE-A-2357468, and the distinguishing features of the 
present invention are set out in the characterising part 
of Claim 1 . 

According to a preferred embodiment, there is pro- 
vided a valveless positive displacement pump with a 
closed end cylinder having fluid inlet and outlet ports ad- 
. jacent the closed end. A piston is reciprocably and ro- 
tatably driven in the cylinder and includes a reduced ar- 
ea portion on one free end which communicates cycli- 
cally with the inlet and outlet ports to pump fluid through 
the positive displacement pump. The piston also has a 
gland area formed in the piston which cyclically commu- 
nicates with a pair of ports to clean the piston and cyl- 
inder and prevent the buildup of solids. The piston and 
cylinder preferably are formed from a hard ceramic ma- 
terial for accuracy allowing extremely close tolerances 
and enhancing wear resistance. The cylinder includes 
a resilient end cap to relieve pressures caused by the 
piston displacement and fluid incompressibility when 
the inlet and outlet ports are closed. The piston is driven 
by a compliant ball support including a ball and socket 
biased between the piston and drive shaft to self adjust 
and compensate for misalignment of the positive dis- 
placement pump. The angle between the drive shaft and 
the piston is adjustable to vary the fluid volume and 
aligned so that the end clearance between the piston 
and cylinder does not change as the angle is changed. 
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The piston reduced area portion preferably is a reduced 
radius portion adjacent the piston end to minimize air 
bubble buildup and to minimize fluid volume at the end 
of the piston stroke. 

Brief Description of Drawings 

The preferred embodiments of this invention will 
now be described by way of example, with reference to 
the drawings accompanying this specification which: 

FIGURE 1 is an enlarged fragmentary top plan view 
of the prior art Pinkerton pump; 
. FIG. 2 is a side view of one positive displacement 
pump embodiment for use with the present inven- 
tion; 

FIG. 3 is an exploded assembly view of the piston 
and cylinder assembly of the present invention; 
FIG. 4 is an exploded assembly view of the positive 
displacement pump embodiment of FIG. 2; 
FIG. 5 is one side view of a piston ; 
FIG. 6 is another side view of the piston of FIG. 5; 
FIG. 7 is an end view of the piston of FIG. 6; 
FIG. 8 is a section of the piston of FIG. 6 taken along 
the line 8-8 therein; 

FIG. 9 is a side sectional view of one embodiment 
of a pump cylinder for use with the present inven- 
tion; 

FIGS. 10A-C are side sectional views of multipiece 
end cap embodiments ; and 
FIGS. 11 A and 11 B are side sectional views of in- 
tegral end cap embodiments. 

Referring to FIGURE 1 , the Pin kerton prior art pump 
is designated generally by the reference numeral 10. 
FIG. 1 illustrates a top view of the Pinkerton pump 10 
showing the basic elements of the positive displacement 
pump. The positive displacement pump 10 typically is 
mounted on a horizontal surface (not illustrated) by a 
bracket 12 pivoted on a leg 14 around a pivot pin 16. A 
second bracket leg 1 8 has secured to it the open end of 
pump cylinder 20. 

A piston 22 extends through a bore 24 in the bracket 
leg 18 into a cylinder Interior 26. The piston 22 is con- 
nected to a motor drive shaft 28 by a universal ball and 
socket joint formed by a socket 30 and a ball 32. The 
socket 30 is formed in a collar or yoke 34 mounted to 
the shaft 28. The ball 32 is mounted or formed on a drive 
pin 36, which is secured at a right angle to the end of 
the piston 22. 

The piston 22 includes an outer free end 38 on 
which is formed a flat cutout or duct portion 40. The cyl- 
inder 20 includes at least an inlet port 42 and an outlet 
port 44, typically connected to respective tubing 46, 48 
for the fluid being pumped to flow into and out of the 
pump 10. As the drive shaft 28 rotates, the piston 22 
both reciprocates and rotates in the cylinder interior 26. 
As the piston 22 cycles, the duct 40 communicates first 



with the inlet port 42 on the intake portion of. the cycle 
and then with the outlet port 44 on the outlet portion of 
the cycle. The amount of fluid pumped is controlled by 
the angle between the axis of the shaft 28 and the axis 
s of the piston 22. The greater the angle, the greater the 
volume of fluid pumped per cycle. 

The pump 1 0 has many desirable features, sucr) as 
the lack of separate mechanical gravity ball check 
valves, ease of volume adjustment and potential accu- 
10 racy. The pump 10, however, has a number of undesir- 
able features which make the pump 10 less than totally 
desirable. The ball 32 and socket 30 by definition require 
. some clearance between them, which causes backlash 
in the pumping cycle between the collar 34 and the pis- 
is ton 22. This causes several problems, including the 
backlash making a clicking noise as the pump 1 0 cycles, 
which can be very disconcerting to a dialysis patient. 
The noise is very objectionable at angles above about 
six degrees. Further, small errors in the piston stroke 
20 cause relatively large errors in the fluid volume pumped, 
which become further magnified as the ball and socket 
wear during use. The errors in volume are very pro- 
nounced at small angles between the shaft 28 and the 
piston 22. Further, the volume of the dead space at the 
2S end stroke when the piston 22 is adjacent a closed end 
50 of the cylinder 20 varies as the pumping angle and 
volume is changed, which again can introduce errors in 
the pumping volume if air bubbles are. trapped in the 
dead space. Trapped air bubbles can expand and con- 
so tract with the changing pump pressures during each cy- 
cle, introducing inaccuracies as high as about three per- 
cent. 

Also, although the pump 10 does include a scav- 
enging gland orifice (not illustrated) in some embodi- 
es ments, it is not as efficient as desired. If the flu ids contain 
any salts and they leak to the open end of the cylinder 
20, then the pump 10 can become inaccurate or jamb 
or both. A further fluid volume inaccuracy is caused by 
the duct 40, which typically is a flat portion cut across 
40 the end of the pump 22. Air bubbles have a tendency to 
build up on the flat duct 40 and are not removed during 
the pump cycle. The pump 10 when mounted horizon- 
tally as suggested in Pinkerton, is not conducive to 
movement of air bubbles out of the cylinder interior 26. 
45 A further problem causing both noise and inaccura- 
cies is the metal rigid closed cylinder end 50. The piston 
22 causes both positive and negative pressures at the 
two extremes of the pump cycle when the piston 22 clos- 
es both the inlet and.outlet ports 42 and 44. This causes 
so cavitation on negative pressure and hammering on dis- 
charge. Again, this causes noise and fluid volume inac- 
curacies. 

Referring now to FIG. 2, an improved positive dis- 
placement pump of the present invention is designated 
55 generally by the reference numeral 60. The pump 60 
preferably is mounted at an angle to the horizontal 
plane, such that entrained air bubbles can migrate up- 
wardly and out of the pump 60. Note, FIG. 2 is a side or 
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vertical view, whereas FIG. 1 is a top or horizontal view. 
In the example illustrated, the pump 60 is mounted in a 
support bracket 62. The support bracket 62 includes a 
first bracket arm 64 which can be mounted to any verti- 
cal surface (not illustrated) such as by bolts 66. The 
pump 60 is mounted to a second bracket arm 68 formed 
at an angle to the vertical plane. Appropriate bracing 
brackets are not illustrated. 

The pump 60 is driven by a motor (not illustrated), 
which also can be mounted to the bracket arm 64 and 
is coupled to a first drive shaft 70. The motor preferably 
is a stepping motor to provide precise control of the 
pump speed (cycles per unit time). The mechanical 
pump valving allows stroke rates or pump cycles of 
greater than 1000 per minute, where a gravity ball check 
type of pump is limited to about 100 per minute. The 
drive shaft 70 is coupled to a shaft and zero backlash 
bearing housing 72, mounted to the bracket arm 68, 
which in turn drives a pump drive cylinder 74. 

A pump support bracket 76 is mounted to the brack- 
et arm 68 adjacent the drive cylinder 74. A pump head 
78 is pivotably connected to the support bracket 76 by 
a pair of opposed pins 80 (one of which is shown). A 
piston holder 82 is rotatably mounted in the pump head 
78. A pump cylinder 84 (FIG. 3) is mounted in a cylinder 
housing 86, which pump cylinder 84 includes an end cap 
88, as will later be described. 

The cylinder housing 86 includes a pair of inlet/out- 
let fittings 90, 92. Either fitting 90, 92 can be coupled to 
the inlet or outlet port, since the pump 60 is reversible, 
however in the configuration illustrated, fitting 90 is the 
fluid inlet and fitting 92 is the fluid outlet. The cylinder 
housing 86 also includes a pair of gland fittings 94, 96, 
one or both of which can be coupled to a negative or 
positive pressure source or a source of rinse fluid (not 
illustrated). 

The volume of fluid pumped. on each cycle is con- 
trolled by the angle of the pump 60 to the drive shaft 70, 
as before described. This angle is adjusted by turning 
an adjustment screw 98 which is rotatably mounted in 
the pump head 78 and threadedly engaged in the brack- 
et arm 68. The pump head 78 is biased away from the 
bracket arm 68 by a spring 100. 

Details of the assembly of the pump 60 are best il- 
lustrated in FIGS. 3 and 4. The drive shaft 70 is coupled 
to or is formed with a drive cylinder drive shaft 102 in 
the housing 72, which is coupled to and rotates the drive 
cylinder 74. The drive cylinder 74 is coupled to the piston 
holder 82 by a compliant ball support assembly 1 04. The 
ball support assembly 104 compensates for assembly 
and operating misalignment of the pump 60. The ball 
support assembly 1 04 includes a wear disc or pad 1 06, 
formed from a material such as ultra high molecular 
weight polyethylene. The pad 106 is inserted into a re- 
cess or socket (not illustrated) in a periphery of the drive 
cylinder 74. A drive cylinder ball shaft 108 includes a 
shaft portion 110 and a ball 112. The ball 112 fits into a 
socket (not illustrated) in a periphery of the piston holder 



82. The piston holder 82 also includes a spring hook 114 
connected to the periphery thereof. 

The drive cylinder 74 includes' a spring pin 116 
mounted in the side thereof and a ball and socket spring 

5 1 1 8 is connected between the spring hook 1 1 4 and the 
spring pin 1 1 6 to connect the ball support assembly 1 04. 
The spring 1 1 8 has a tension which exceeds the suction 
pressures exerted by the pump induced loads to prevent 
backlash and noise. The ball support assembly 104 

10 preferably includes a compliant tube 120 into which is 
inserted the shaft 110, formed from flexible material 
such ass pvc tubing. The ball shaft 1 08 and the tube 1 20 
further automatically compensate for assembly and op- 
erating misalignment of the pump 60. The ball support 

15 assembly 104 both transmits torque as well as allows 
lateral movement, which prevents noise and induced 
misalignment forces or loads that can cause excessive 
wear. 

Construction misalignment can be caused by the 
20 piston holder 82 being adjusted out of alignment by the 
drive cylinder 74 when the pump displacement is adjust- 
ed. There are three type of essentially unavoidable me- 
chanical misalignments. First, the axis of the drive cyl- 
inder 74 will never be perfectly aligned with the axis of 

2* the piston holder 82. Secondly, the pivot point of the 
pump head 78 on the pins 80 can be offset from the po- 
sition of the ball 1 1 2 at the top dead center of the pump 
stroke in the vertical direction and thirdly, it can be offset 
in the horizontal direction. Horizontal misalignment can 

30 be caused when the drive cylinder 74 is adjusted on the 
shaft 102 to provide the desired minimal end clearance 
or dead space. 

As the drive cylinder 74 rotates, the piston holder 
82 also rotates through the coupling of the ball support 

35 assembly 104. The ball support assembly 104 thus pro- 
vides a number of advantages over the mechanically 
fixed ball and socket of Pinkerton, including substantial- 
ly no backlash and compensation for misalignments. 
The shaft 110 has a radius on its free end bearing 

40 against the wear disc 106 to minimize wear on the wear 
disc 106 caused by misalignment of the pump 60. The 
spring 1 1 8 couples the piston holder 82 to the ball shaft 
108 with sufficient preloaded force to prevent backlash. 
The spring 118 has sufficient preloaded force to over- 

45 come the internal suction forces in the pump 60 and firm- 
ly holds the drive cylinder 74 to the piston holder B2. The 
ball support assembly 1 04 provides two degrees of free- 
dom to prevent stress on the pump 60 without inducing 
additional misalignment of the pump 60. 

50 The piston holder 82 includes a piston 1 22 mounted 
at a first end 1 24 in the piston holder 82. The piston 1 22 
includes a second free end 126 on which is formed a 
reduced area portion 1 28 to act as a fluid duct similar to 
the Pinkerton duct 40. The reduced area portion 1 28 will 

55 be discussed in further detail with respect to FIGS. 5, 6 
and 7. The piston 122 also includes a reduced area 
gland portion 1 30 formed thereon, which will be further 
discussed with respect to FIGS. 5, 6 and 8. 
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The pump cylinder 84 includes a resilient dia- 
phragm 1 32 mounted onto an end 1 34 of the pump cyl- 
inder 84 by the end cap 88. The pump head 78 includes 
a pair of opposed arms 136 (only one of which is illus- 
trated) having an aperture 138 into which the pins 80 
are inserted. The pins 80 also are inserted through 
matching apertures 1 40 in matching opposed arms 142 
(only one of which is illustrated) to mount the pump head 
78 on the support bracket 76 and provide the pivotable 
mounting for the pump 60. 

The adjustment screw 98 can include a spring spac- 
er 144 and a washer 146 if desired. The pins 80 can be 
secured by a pair of retainer brackets 148 (only one of 
which is illustrated) mounted to and over the arms 1 36, 
such as by screws 150. The offset pivot point alignment 
provided by the pins 80 is across the center of the ball 
112 at its lowest position. This alignment maintains a 
constant dead space between the piston end 126 and 
the cylinder end 1 34 as the angle of the pump 60 is var- 
ied. This minimizes the top dead center end clearance 
to help ensure that air bubbles are not trapped in the 
pump head, which enhances priming and the pump's ac- 
curacy. 

Referring now to FIGS. 5, 6, and 8, the details of 
the piston duct 1 28 are best illustrated. Instead of a sub- 
stantially flat end cut duct like the duct 40 of Pinkerton, 
the duct 128 is an arcuate reduced area portion which 
compared to the duct 40 is mostly filled in. The duct 128 
provides a significant advantage, because it assists in 
priming of the pump 60. By substantially filling the duct 
in, air bubbles are not as likely to accumulate. In tests 
between the flat type of duct 40 and the duct 128, air 
bubbles were significantly reduced. When air bubbles 
accumulate on the piston duct, they expand and con- 
tract during the pump cycle causing inaccurate pumping 
and hindering priming. 

The pump cylinder 84 (FIG. 9) includes an open end 
152 into which the piston 122 is inserted. As seen in FIG. 
2, this end is tilted upwardly which also facilitates the 
movement of entrained air upward and out of the pump 
cylinder 84. Since the closed end of the pump cylinder 
84 is titled downward with the discharge port at the high- 
est point, air bubbles will tend to accumulate in proximity 
of the discharge port and will tend to exit with each dis- 
charge stroke. 

The operation of the piston gland 130 is best illus- 
trated with respect to FIGS. 5, 6, 8 and 9. The pump 
cylinder 84 includes a pair of inlet and outlet ports 154, 
156 through which the piston 122 pumps the fluid and 
which are connected to the fittings 90 and 92, employing 
an appropriate static seal between them. The pump cyl- 
inder 84 also includes a pair of gland ports 158, 160 
which are coupled to the fittings 94, 96. 

Fluids which will evaporate and deposit solids, such 
as dialysis fluids, potentially can seep due to capillary 
forces between the piston 122 and the pump cylinder 
84, which can dry and jamb the pump when it nears or 
reaches the open end 152. To prevent this the gland 



structure 1 30, 158 and 160 is provided. The gland area 
1 30 includes two longitudinal areas 162 and 164 on op- 
posite sides of the piston 1 22 joined by a radial reduced 
area 166. 

As the piston 122 simultaneously rotates and recip- 
rocates, the areas 162, 164 will line up with the ports 
1 58 and 1 60 twice each pumping cycle. A rinse fluid can 
be connected to the ports 158 and 160 to flush the end 
of the cylinder housing B4 and the piston 1 22. A negative 
pressure also can be connected to the ports 1 5B and 
1 60 to suck any seepage fluid or air from the open end 
152 away from the pump 60. By connecting the gland 
1 30 to the ports twice a cycle, air as the less dense fluid 
will quickly be removed, while the denser fluid such as 
water will not be drawn to the ports 158 and 160. One 
dialysis use of the pump 60, includes one or both of the 
acidic or bicarbonate proportioners coupled to the de- 
aerator reservoir. It is desired to retain water while the 
removal of air is desired. By modulating this air and wa- 
ter mixture with the gland opening and closing, the air 
will quickly be drawn off, while the water having a greater 
inertia will not. 

The number of times the gland 1 30 is opened is not 
critical, but the control by valving of the gland operation 
is important. A rinsing fluid can be alternated with the 
negative pressure when desired. The open orifice dis- 
closed by Pinkerton does not accurately meter fluid flow 
and if it is too small it can be clogged by debris. The 
gland valving also is self-regulating since the gland will 
be opened more frequently as the pumping speed is in- 
creased. The number of openings and closings of the 
gland varies directly with pump speed; however, the to- 
tal ratio of open time remains constant independent of 
the pump speed. Both the cylinder housing 84 and the 
piston 1 22 preferably are formed from a hard wear re- 
sistant material, such as alumina ceramic. The cylinder 
housing 84 and the piston 122 also preferably are 
formed as mated pairs for close tolerance to further en- 
hance accuracy. 

When the piston 1 22 is near either end of the pump- 
ing stroke, both the ports 1 54 and 1 56 are closed to pre- 
vent potential reverse flow. At this point, the piston 122 
still is moving to complete the pump stroke, further cre- 
ating either suction or compression in the chamber and 
against the end cap 88. Unlike the rigid fixed cylinder 
end 50 of Pinkerton, the end cap 88 includes a dia- 
phragm 1 32 to alleviate these sudden positive and neg- 
ative pressures. Referring to FIGS. 10A-10C, several 
embodiments of end caps 88 are illustrated having a 
separate resilient diaphragm 1 32. As illustrated in FIGS. 
3 and 10A, the end cap 88 can include the separate di- 
aphragm 132, which is secured to the end 152 of the 
pump cylinder 84 by the end cap 88. 

The diaphragm. 132 flexes into or out of the pump 
cylinder 84 when the end stroke large pressure differ- 
entials occur. Without the diaphragm 132, these large 
pressure spikes cause excess loading on the pump 60 
which decreases the pump life and also creates annoy- 
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ing noises in the pump. The diaphragm material, such 
as Teflon, is selected to only slightly deform during nor- 
mal operating pressures so as not to significantly effect 
the pump accuracy. The diaphragm deforms significant- 
ly more during the pressure spikes. The volume of a cav- 
ity in the end cap can be utilized to absorb the pressure 
spike by compressing the air in the cavity: The stress on 
the diaphragm material cannot exceed its elastic limits 
or the accuracy of the pump volume will be affected. 

FIG. 10B illustrates a second end cap 88', which 
has a diaphragm 132' which fits over the outside of a 
cylindrical portion 1 68 of the end cap 88'. The cylindrical 
portion 168 encloses a significant volume of air, which 
can be plugged as desired. Another separate end cap 
embodiment 88" includes a diaphragm 132" mounted 
over a cylindrical post 170 having a recess or depres- 
sion 1 72 formed in the outer end to cushion the dia- 
phragm 132". 

The end caps also can be formed as integral units 
as illustrated in FIGS. 11 A and B. A one piece end cap 
1 74 is illustrated in FIG. 11 A. The end cap 1 74 is formed 
of a first thickness which will not substantially deform, 
but includes a central reduced thickness resilient area 
176, which will act as the diaphragm. A second unitary 
end cap 1 78 is illustrated in FIG. 11 B. Similar to the end 
cap 88', the end cap 1 78 has a cylindrical hollow position 
180 and has a thinner resilient end portion 182, which 
will act as the diaphragm like the area 176. 

The pump 60 as described can be utilized for the 
accurate intermixing of fluids, such as dialysate solu- 
tions and can be utilized to adjust the levels of both so- 
dium and bicarbonate independently of one another. 
The mixing precision and system dynamics can be fur- 
ther enhanced by computer monitored feedback control. 
The pump 60 can pump slurries in industrial applica- 
tions, can accommodate the grit and abrasion of the bi- 
carbonate solutions and also can pump dry gasses. The 
flexibility results from the piston and pump cylinder ma- 
terials and construction and close clearances which also 
eliminate -the need for dynamic lip or piston lip seals in 
the pump 60. The ceramic materials allow a diametric 
clearance on the order of one half of a ten thousandth 
of an inch. The alignment, which fixes the end space or 
clearance so it does not vary also allows the pump 60 
to be adjusted for a minimal end clearance which aids 
in the pump priming by reducing the dead space volume 
which along with the filled piston end reduces the 
amount of air expansion and cavitation. 

The design of the gland 130 provides a stabilized 
and regulated flow through the gland 130. This pump 
feature enables the suction force to function as a rela- 
tively constant negative or positive pressure. The re- 
quired cycling of the gland 130 causes the scavenging 
flow to move intermittently. The flow into the gland 130 
can be air, water or any combination thereof. The axial 
piston position during a stroke does not affect the open- 
ing of the gland 130, which is solely controlled by the 
rotating position. The gland 1 30 can receive air seepage 



from the open end of the pump 60 or can receive fluid 
seepage from the closed end. By use of appropriate ex- 
ternal valves, the flow can be up or down through the 
gland 1 30 with positive or negative pressure applied. Al- 

5 so, depending upon the application, negative pressure 
can be applied to on ly one of the top or the bottom gland 
port. This again will provide a different flow through the 
gland 1 30. Suction only from the top is desirable if a fail- 
ure in the water treatment system could allow hard water 

10 to pass through the gland 1 30 in a dialysis system. If the 
concentrate being pumped is bicarbonate then seepage 
mixed with hard water can cause precipitate to form. 
This can cause the pump 60 to freeze up. Thus, by em- 
ploying auction only, the risk of freeze up is eliminated. 

15 

Claims 

1. A valveless, reversible, positive displacement 
20 pump (60), comprising: 

a closed end cylinder (84) including two fluid 
port means (90,92) for allowing fluid to flow into 
and out of said cylinder (84) adjacent the closed 
25 end (134); 

piston means (122) reciprocably and rotatably 
drivable in said cylinder (84), said piston means 
(122) including a reduced area portion (128) on 
one free end (126) thereof, the free end being 
30 movable in use to a position adjacent said cyl- 

inder closed end, the reduced area portion be- 
ing alternately communicable with each of the 
fluid port means as said 0 piston means (122) 
is reciprocably and rotatably driven to draw fluid 
35 in one fluid port means and expel it through the 

other fluid port means; 

the cylinder (84) including at least one aperture 
(158,160) spaced from both fluid port means; 

40 characterised by gland means (1 30) formed in said 
piston means spaced from said reduced area por- 
tion (128) and both said fluid port means (90,92), 
the gland means being communicable with the ap- 
erture (158,160) as said piston means (122) is re- 

45 ciprocably and rotatably driven in said cylinder (84). 

2. The pump according to Claim 1 further comprising 
a pair of substantially opposed apertu res (1 58, 1 60), 
said gland means being formed to communicate 

50 with said apertures (158,160) in acyclic manner as 
said piston means (1 22) are reciprocably and rotat- 
ably driven. 

3. The pump according to Claim 2, wherein said gland 
55 means (130) is formed to communicate with said 

apertures (158,160) twice per cycle of said piston 
means (122). 
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4. The pump according to any preceding claim, where- 
in the or each aperture (158,160) is coupled to de- 
aerator means in a dialysis system. 

5. The pump according to any preceding claim further 
comprising means (162,164,166) for stabilizing flu- 
id flow through said gland means (130). 

6. The pump according to any preceding claim further 
comprising means for applying at least one of neg- 
ative or positive pressure to said gland port means. 

7. The pump of any preceding claim, comprising 

end cap means (88,88', 88", 1 74, 1 78) forming 
at least a portion of said cylinder closed end (134) 
for relieving positive and negative pressures 
caused by said piston means (122) when both fluid 
port means (90,92) are closed by said piston means 
(122) without introducing significant error in pump- 
ing accuracy. 

8. The pump according to Claim 7, wherein said end 
cap means (174,178) is formed integrally with said 
closed end cylinder (84). 

9. The pump according to Claim 7 or 8, wherein further 
said end cap means (88 l 88 , ) 88") is formed from a 
resilient material separate from said closed end cyl- 
inder (84). 

10. The pump of any preceding claim, wherein 

said piston means (122) is driven by compli- 
ant ball support means (104) for self adjusting and 
compensating for assembly and operating mis- 
alignment of said piston means (122). 

11 . The pump of any of Claims 1 to 9, comprising drive 
shaft means (74) and ball and socket means (104) 
which is separate from, but biased together be- 
tween the drive shaft means (74)^ and the piston 
means (122) to drive the piston means (122) in the 
cylinder (84). 

12. The pump of Claim 11 , wherein the ball and socket 
means includes a self-adjusting compliant ball sup- 
port means (104) operable to compensate for as- 
sembly and operating misalignment of the piston 
means (122). 

13. The pump according to Claim 10 or 12, wherein the 
compliant ball support means includes 

a resilient wear disc (1 06), a drive cylinder ball 
shaft (110) having a ball (112) on one end thereof, 
the wear disc (106) bearing against the end of the 
shaft opposite to the end having the ball (112) said 
shaft being enclosed in a resilient sleeve (120) and 
said ball (112) being mounted in a periphery of said 
piston means (122). 



14. The pump according to Claim 1 3 comprising piston 
means drive cylinder means (74) coupled to a draft 
shaft (102), said disc (106) and shaft (110) being 
biased against a periphery of said piston means 

5 drive cylinder means (74) and said ball (112) being 
biased against said periphery of said piston means 
(122). 

1 5. The pump according to any preceding claim, where- 
to in said piston means (122) is formed from a hard 

ceramic material. 

1 6. The pump according to any preceding claim, where- 
in said piston means (122) is adjustable to vary the 

is fluid volume of each piston means cycle without 
changing the end clearance of said piston means 
(122) with said closed end cylinder (84). 

1 7. The pump according to any preceding claim, where- 
20 in said piston means reduced area portion (12B) is 

formed on a piston end (126) having a substantially 
circular cross-section and is formed by a reduced 
radius portion on said piston end operable to pre- 
vent buildup of air bubbles and to minimize the fluid 
25 volume at the piston means end stroke adjacent 
said closed cylinder end (1 34). 

1 8. The pump according to any preceding claim, where- 
in said closed end cylinder (84) is substantially 

30 formed from a hard ceramic material. 

19. The pump according to any preceding claim, where- 
in said cylinder (84) is tilted at an angle with respect 
to the horizontal, said closed end being down to as- 

35 sist in air removal from said cylinder (84). 

20. The pump according to any preceding claim, where- 
in the or at least one aperture (94,96) is coupled to 
a source of negative pressure. 

40 

Patentanspruche 

1. Ventillose, umsteuerbare. Verdrangerpumpe (60), 
45 die folgendes aufweist: 

einen Zylinder (84) mit geschlossenem Ende, 
der zwei Fluidoffnungseinrichtungen (90, 92) 
aufweist, so daB Fluid in den und aus dem Zy- 

so linder (84) angrenzend an das geschlossene 

Ende (134) stromen kann; 
- eine Kolbeneinrichtung (1 22), die in dem Zylin- 
der (84) hin- und hergehend und drehbar an- 
treibbar ist, wobei die Kolbeneinrichtung (122) 

55 an einem freien Ende (126) davon einen Be- 

reich (128) mit verringerter Flache aufweist, 
das f reie Ende im Gebrauch in eine Position be- 
wegbar ist, die an das geschlossene Ende des 
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Zylinders angrenzt, wobei der Bereich mit ver- 
ringerter Flache alternierend mit jeder der Flui- 
doff nungseinrichtungen in Verbindung bringbar 
ist, wahrend die Kolbeneinrichtung (122) hin- 
und hergehend und drehbar angetrieben wird, 
um Fluid in die eine Fluidoffnungseinrichtung 
zu saugen und es durch die andere Fluidoff- 
nungseinrichtung auszustoGen; 
wobei der Zylinder (84) wenigstens eine Off- 
nung (158, 160) aufweist, die von beiden Flui- 
doffnungseinrichtungen beabstandet ist; 
gekennzeichnet durch eine Stopfbuchsenein- 
richtung (1 30), die in der Kolbeneinrichtung von 
dem Bereich (128) mit verringerter Flache und 
den genannten beiden Flu idoff nungseinrich- 
tungen (90, 92) beabstandet ausgebildet ist, 
wobei die Stopfbuchseneinrichtung mit der Off- 
nung (158, 160) in Verbindung bringbar ist, 
wahrend die Kolbeneinrichtung (122) hin- und 
hergehend und drehbar in dem Zylinder (84) 
angetrieben wird. 

2. Pumpe nach Anspruch 1 , 

die ferner ein Paar von im wesentlichen gegenuber- 
liegenden Offnungen (1 58, 1 60) aufweist, wobei die 
Stopfbuchseneinrichtung so ausgebildet ist, daG 
sie mit den Offnungen (158, 160) zyklisch kommu- 
niziert, wahrend die Kolbeneinrichtung (122) hin- 
und hergehend und drehbar angetrieben wird. 

3. Pumpe nach Anspruch 2, 

wobei die Stopfbuchseneinrichtung (1 30) ausgebil- 
det ist, daG sie mit den Offnungen (158, 160) zwei- 
mal pro Zyklus der Kolbeneinrichtung (122) kom- 
muniziert. 

4. Pumpe nach einem der vorhergehenden Anspru- 
che, wobei die oder jede Offnung (158, 160) mit ei- 
ner Entgasungseinrichtung in einem Dialysesystem 
verbunden ist. 

5. Pumpe nach einem der vorhergehenden Anspru- 
che, die ferner Einrichtungen (162, 164, 166) zum 
Stabilisieren der Fluidstromung durch die Stopf- 
buchseneinrichtung (130) aufweist. 

6. Pumpe nach einem der vorhergehenden Anspru- 
che, die ferner eine Einrichtung aufweist um auf die 
Stopfbuchsenoffnungseinrichtung zumindest einen 
Druck oder einen Unterdruck aufzubringen. 

7. Pumpe nach einem der vorhergehenden Anspru- 
che, die eine Endkappeneinrichtung (88, 88', 88", 
174, 178) aufweist, die wenigstens einen Bereich 
des geschlossenen Endes (134) des Zylinders bil- 
det, um Unterdrucke und Drucke, die von der Kol- 
beneinrichtung (122) verursacht werden, wenn bei- 
de Fluidoffnungseinrichtungen (90, 92) von der Kol- 



beneinrichtung (122) geschlossen sind, auszuglei- 
chen, ohne einen signifikanten Fehler in die Pump- 
genauigkeit einzufuhren. 

5 8. Pumpe nach Anspruch 7, 

wobei die Endkappeneinrichtung (174, 178) mit 
dem Zylinder (84) mit geschlossenem Ende integral 
ausgebildet ist. 

io 9. Pumpe nach Anspruch 7 oder 8, 

wobei die Endkappeneinrichtung (88, 88\ 88") aus 
einem elastischen Material gebildet ist, das von 
dem Zylinder (84) mit geschlossenem Ende ge- 
trennt ist. 

15 

10. Pumpe nach einem der vorhergehenden Anspru- 
che, 

wobei die Kolbeneinrichtung (122) von einer nach- 
giebigen Kugelhalterungseinrichtung (104) zur 
20 Selbsteinstellung und zum Ausgleichen einer Mon- 
tage- und Betriebs-Fehlausrichtung der Kolbenein- 
richtung (122) angetrieben wird. 

11. Pumpe nach einem der Anspruche 1 bis 9, 

25 die eine Antriebsachseneinrichtung (74) und eine 
Kugelzapfeneinrichtung (104) aufweist, die von der 
Antriebsachseneinrichtung (74) getrennt, aber zwi- 
schen dieser und der Kolbeneinrichtung (122) ge- 
meinsam vorgespannt ist, um die Kolbeneinrich- 

30 tung (122) in dem Zylinder (84) anzutreiben. 

12. Pumpe nach Anspruch 11, 

wobei die Kugelzapfeneinrichtung eine selbstein- 
stellende nachgiebige Kugelhalterungseinrichtung 
35 (104) aufweist, die betatigbar ist, um Montage- und 
Betriebs-Fehlausrichtungen der Kolbeneinrichtung 
(122) auszugleichen. 

13. Pumpe nach Anspruch 10 oder 12, 

40 wobei die nachgiebige Kugelhalterungseinrichtung 
eine elastische VerschleiGscheibe (106) und einen 
Antriebszylinder-Kugelzapfen (110) aufweist, der 
an dem einen Endedavon eine Kugel (112) hat, wo- 
bei die VerschleiGscheibe (106) an dem Ende des 

45 Zapfens anliegt, das dem die Kugel (112) aufwei- 
senden Ende gegenuberliegt, wobei der Zapfen in 
einer elastischen Hulse (120) eingeschlossen ist 
und die Kugel (112) an einem Umfang der Kolben- 
einrichtung (122) angebracht ist. 

50 

14. Pumpe nach Anspruch 13, 

die eine Antriebszylindereinrichtung (74) fur die 
Kolbeneinrichtung aufweist, die mit einer Antriebs- 
achse ( 1 02) verbunden ist, wobei die Scheibe (1 06) 
55 und der Zapfen (1 1 0) gegen einen Umfang der An- 
triebszylindereinrichtung (74) fur die Kolbeneinrich- 
tung vorgespannt sind und die Kugel (112) gegen 
den Umfang der Kolbeneinrichtung (122) vorge- 
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spannt ist. 

15. Pumpe nach einem der vorhergehenden Anspru- 
che, 

wobei die Kolbeneinrichtung (122) aus einem Hart- 
ke rami kmate rial gebildet ist. 

16. Pumpe nach einem der vorhergehenden Anspru- 
che, 

wobei die Kolbeneinrichtung (122) einstellbar ist, 
urn dasFluidvolumenvonjedem Zyklus der Kolben- 
einrichtung zu andern, ohne das Endspiel der Kol- 
beneinrichtung (122) mit dem Zylinder (84) mit ge- 
schlossenem Ende zu andern. 

17. Pumpe nach einem der vorhergehenden Anspru- 
che, 

wobei der Bereich (1 28) mit verringerter Flache der 
Kolbeneinrichtung an einem Kolbenende (1 26), das 
einen im wesentlichen kreisformigen Querschnitt 
hat, ausgebildet und durch einen Bereich an dem 
Kolbenende mit verringertem Radius gebildet ist, 
der betatigbar ist, urn den Autbau von Luftblasen zu 
verhindern und das Fluidvolumen beim Endhub der 
Kolbeneinrichtung angrenzend an das geschlosse- 
ne Zylinderende (1 34) Ende zu minimieren. 

18. Pumpe nach einem der vorhergehenden Anspru- 
che, 

wobei der Zylinder (84) mit geschlossenem Ende 
im wesentlichen aus einem Hartkeramikmaterial 
gebildet ist. 

19. Pumpe nach einem der vorhergehenden Anspru- 
che, 

wobei der Zylinder (84) unter einem Winkel in bezug 
auf die Horizontale geneigt ist, wobei das geschlos- 
senen Ende unten ist, urn zum Entfernen von Luff 
aus dem Zylinder (84) beizutragen. 



20. Pumpe nach einem der vorhergehenden Anspru- 
che, 

wobei die Oder wenigstens eine Offnung (94, 96) 
mit einer Unterdruck-Quelle gekoppelt ist. 



Revendications 

1 . Pompe a deplacement positif reversible sans cla- 
pets (60), comprenant : 

un cylindre a extremite fermee (84) comportant 
deux raccords de fluide (90,92) pour permettre 
a un fluide d'entrer et de sortir dudit cylindre 
(84) pres de I'extremite fermee (134) ; 
un piston (1 22) deplacable en va-et-vient et en 
rotation dans ledit cylindre (84), I edit piston 
(122) comportant une partie de section reduite 



(128) sur son extremite libre (126), I'extremite 
libre etant deplacable en utilisation jusqu'a une 
position adjacente a ladite extremite fermee du 
cylindre, la partie de section reduite pouvant 

s communiquer alternativement avec chacun 

des raccords de fluide torsque ledit piston (1 22) 
est entraine en va-et-vient et en rotation, pour 
aspirer le fluide par un des raccords de fluide 
et le refouler par I'autre raccord de fluide ; 

io le cylindre (84) comportant au moins un orifice 

(1 58, 1 60) espace des deux raccords de fluide ; 

caracterisee par un dispositif de lanterne d'etan- 
cheite (1 30) forme dans ledit piston a distance de 
is ladite partie de section reduite (128) et des deux 
raccords de fluide (90,92), le dispositif de lanterne 
etant mis en communication avec Porif ice (1 58, 1 60) 
lorsque ledit piston (1 22) se deplace en va-et-vient 
et en rotation dans ledit cylindre (84). 

20 

2. Pompe suivant la revendication 1, comprenant en 
outre deux orifices sensiblement opposes (158, 
160), ledit dispositif de lanterne etant agenc6 pour 
communiquer avec lesdits orifices (15B,160) d'une 

25 maniere cyclique lorsque ledit piston (122) est en- 
traTn6 en va-et-vient et en rotation. 

3. Pompe suivant la revendication 2, dans laquelle le- 
dit dispositif de lanterne (130) est agence de ma- 

30 niere a communiquer avec lesdits orifices (158, 
160) deux fois par cycle dudit piston (122). 

4. Pompe suivant une quelconque des revendications 
precedentes, dans laquelle le ou chaque orifice 

35 (1 58, 1 60) est connecte a un dispositif de desaera- 
tion d'un systeme de dialyse. 

5. Pompe suivant une quelconque des revendications 
precedentes, comprenant en outre des moyens 

to ( 162 ,164, 166) pourstabiliserunecoulementde flui- 
de a travers ledit dispositif de lanterne (130). 

6. Pompe suivant une quelconque des revendications 
precedentes, comprenant en outre des moyens 

45 d'application d'au moins une pression negative ou 
une pression positive audit dispositif de lanterne. 

7. Pompe suivant une quelconque des revendications 
precedentes, comprenant un chapeau d'extremite 

so (88,88',88",174,178) formant au moins une partie 
de la dite extremite fermee (134) du cylindre, pour 
limiter les pressions positives et negatives engen- 
drees par ledit piston (122) lorsque les deux rac- 
cords de fluide (90,92) sont fermes par ledit piston 

ss (122), sans introduire d'erreur notable dans la pre- 
cision de pompage. 

8. Pompe suivant la revendication 7, dans laquelle le- 
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ditchapeau d'extremite (174,178) est forme sol idai- 
rernent dudit cylindre a extremite fermee (84). 

9. Pompe suivant la revendication 7 ou 8, dans laquel- 
le ledit chapeau d'extremite (88,88',88") est forme 
en une matiere elastique, separement dudit cylin- 
dre a extremite fermee (84). 

10. Pompe suivant une quelconque des revendications 
precedentes, dans laquelle ledit piston (122) est en- 
traine par un support a bille deformable (104) pour 
le reglage automatique et la compensation des de- 
fauts d'alignement resultant de ('assemblage et du 
fonctionnement du dit piston (122). 

11. Pompe suivant une quelconque des revendications 
1 a 9, comprenant un arbre d'entralnement (74) et 
un dispositif a rotule (104) qui est distinct de I'arbre 
(74) et du piston (122) mais qui est sollicite entre 
ces derniers de maniere a entratner le piston (122) 
dans le cylindre (84). 

12. Pompe suivant la revendication 1 1 , dans laquelle le 
dispositif a rotule comprend un support a bille flexi- 
ble auto-reglable (104) qui agit pour compenser le 
defaut d'alignement du piston (122) resultant de 
{'assemblage et du fonctionnement. 

13. Pompe suivant la revendication 10 ou 12, dans la- 
quelle le support a bille deformable comprend un 
disque d'usure elastique (106), une tige a bille de 
cylindre d'entralnement (11 0)portant une bille (112) 
sur son extremite, le disque d'usure (106) s'appli- 
quant contre I'extremite de la tige a {'oppose de I'ex- 
tremite portant la bille (112), ladite tige etant entou- 
ree d'un manchon elastique (120) et ladite bille 
(112) etant montee dans une peripherie dudit piston 
(122). 



17. Pompe suivant une quelconque des revendications 
precedentes, dans laquelle ladite partie de section 
reduite (1 28) du piston est formee sur une extremite 
(126) du piston ayant une section transversale sen- 

5 siblement circulate et eile estdefinie par une partie 
de rayon reduit sur ladite extremite de piston, qui 
agit de maniere a eviter ('accumulation de bulles 
d'air et a minimiser le volume de fluide en fin de 
course du piston pres de ladite extremite (1 34) du 

io cylindre. 

18. Pompe suivant une quelconque des revendications 
precedentes, dans laquelle ledit cylindre a extremi- 
te fermee (84) est substantiellement fabrique en 

is une matiere ceramique dure. 

19. Pompe suivant une quelconque des revendications 
precedentes, dans laquelle ledit cylindre (84) est in- 
cline par rapport a I'horizontale, ladite extremite fer- 

20 m6e etant dirigee vers le bas pour faciliter l'6vacua- 
tion d'air dudit cylindre (84). 

20. Pompe suivant une quelconque des revendications 
precedentes, dans laquelle le raccord ou ledit au 

25 moins un raccord (94, 96) est raccorde a une source 
de pression negative. 
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14. Pompe suivant la revendication 13, comprenant un 40 
cylindre d'entralnement de piston (74) accoupie a 

un arbre d'entratnement (102), ledit disque (106) et 
ladite tige (110) etant sollicrtes contre une periphe- 
rie dudit cylindre d'entralnement de piston (74), et 
ladite bille (112) etant soliicitee contre ladite peri- 45 
pherie du dit piston (1 22). 

15. Pompe suivant une quelconque des revendications 
precedentes, dans laquelle ledit piston (122) est fa- 
brique en une matiere c6ramique dure. so 

16. Pompe suivant une quelconque des revendications 
precedentes, dans laquelle ledit piston (122) est re- 
glable de maniere a faire varier le volume de fluide 

de chaque cycle du piston sans modifier le jeu d'ex- ss 
tr6mite dudit piston (122) par rapport audit cylindre 
a extremite fermee (84). 
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